varying trapping voltages to hold and position the ions on a chip-like electrode structure. Because the ions are positively charged, they repel each other via Coulomb repulsion. Laser irradiation enables the ions' motion to be frozen and manipulates their internal state as well as their vibrational motion. Application of additional manipulation voltages separates and arranges the ions into two pairs, which are then kept trapped and oscillating in two distant and independent locations. Each ion pair behaves as a mechanical oscillator, and can be thought of as a miniature pendulum of two atoms that vibrate in parallel or against one another, or -as depicted in Figure 1 of the paper 1 on page 683 -as two masses connected by a spring a few micrometres long.
Using their new technique 1 for manipulating ion pairs and their vibrational motions, which involves quite sophisticated sequences of laser pulses and pulsed voltages, Jost and colleagues were able to entangle the mechanical oscillation of the two vibrating subsystems. These are a few hundred micro metres apart and thus can definitely be viewed as independent mechanical systems at different positions. But being entangled, the two seemingly unconnected vibrating strings move as if magically linked together -that is, their motions can no longer be described
DEVELOPMENTAL BIOLOGY
The early heart remodelled Fu-Sen Liang and Gerald R. Crabtree What factors direct the formation of heart muscle in the developing embryo? Unexpectedly, a chromatin-remodelling protein complex turns out to be a crucial determinant of cardiac-cell fate.
The chances are that many of us will develop heart disease at some point in our lives. So understanding how heart muscle, heart valves and other heart structures regenerate is particularly important. The work published by Takeuchi and Bruneau in this issue (page 708) 1 takes us a step closer to achieving this goal, and also provides us with intriguing insights into the role of chromatin-remodelling complexes in the developing heart. ATP-dependent chromatin-remodelling complexes are multi-protein machines that use the energy of ATP hydrolysis to modify the structure of chromatin (the complex of DNA and histone proteins), thereby activating or repressing genes. The vertebrate chromatinremodelling BAF complexes resemble the yeast chromatin-remodelling complexes SWI/SNF, RSC and SWR. However, whereas each yeast complex is probably made up of an invariant set of protein sub units, in BAF complexes, combinatorial assembly of subunits produces distinct functional complexes. For example, independently of one another, and must instead be explained by a joint quantum state. The micromechanical motion of the subsystems is an entangled mechanical vibration.
To create micromechanical entanglement, Jost et al. have developed a number of atomicmanipulation and detection techniques that will ultimately pave the way for chip technology using atoms as quantum information storage sites. Moreover, the experiment required the realization of new protocols and procedures that will be extremely useful for quantummetrology and quantum-information applications. One such procedure is the repeated transfer of entanglement from an atom's internal state (the spin state) to the micromechanical motion of the ion pairs.
Whereas Jost and colleagues and other 'ion trappers' around the world have been able to entangle atoms previously 3 , with a record number of eight atoms 4 , the new study 1 is the first to achieve entanglement of the mechanical motion of pairs of ionic atoms. Apart from adding another toy to the quantum mechanic's playground, this is an important tool for further developments in quantum-state engineering. For example, such entanglement could be used to distribute quantum information on an atom (ion) chip or, more generally, to construct mechanical sensors. What's more, it provides the basic ingredient for generating opto mechanical interfaces such as atom-micromirror systems 5 . Mechanical entanglement, together with the authors' techniques for manipulating and controlling two atom species, will lead to a new generation of optomechanical experiments, which will allow the introduction of 'quantumness' into the micro-and macroscopic mechanical world. Eventually, such techniques will constitute the basic building blocks -if not the genetic code -for the realization of a 'quantum pet' , Schrödinger's cat 2 , which is a quantum superposition state of a macroscopic object. With the availability of such macroscopic quantum systems, the bizarre quantum world will one day become more tangible to us. 3, 4 , implying that there are mechanistic as well as structural differences between BAF complexes and SWI/SNF. So far, how these complexes regulate gene expression is a matter of speculation.
Takeuchi and Bruneau 1 focused on BAF complexes because these proteins have been implicated in cardiac development -a screen conducted in early mouse embryos found that Baf60c was expressed selectively in tissues that give rise to the heart 5 . Notably, when Baf60c was depleted experimentally, heart formation was defective 5 . Takeuchi and Bruneau reasoned that, as Baf60c is selectively expressed in mouse embryonic cardiac tissue, it might contribute to heart formation if injected into the embryo outside the heart developmental fields. Indeed, when the authors inject Baf60c together with the cardiogenic transcription factor Gata4 outside the heart fields, these tissues express heart-specific genes 1 . Baf60c and Gata4 also induce expression of another transcription factor, Nkx2-5 (ref. 1). Thus, it seems that Gata4 cooperates with Baf60c to set up a geneexpression program that drives heart development. And from what we know about BAF complexes, it seems likely that the transfected Baf60c assembles with the other ten subunits to form a cardiogenic BAF complex (Fig. 1) . Remarkably, addition of yet another transcription factor, Tbx5, transforms non-cardiac embryonic cells into beating heart muscle 1 . So how do Gata4 and Baf60c cooperate to induce the expression of cardiac-specific genes? On the basis of results obtained from chromatin immunoprecipitation studies (a technique that detects the binding of proteins to DNA using antibodies), the authors propose that Gata4 binds directly to Baf60c (Fig. 1) . They also find that Baf60c doesn't function by interacting with the general transcriptional apparatus. Instead, it is required for Gata4 binding to DNA (Fig. 1) , consistent with its apparently instructive role in this model system. Interestingly, this is the opposite to the situation in yeast, in which the SWI5 transcription factor first binds to DNA and then recruits the SWI/SNF complex to its target promoter 6 . BAF complexes contain domains that can interact with modified histones and DNA; hence, in the absence of a transcription-factor 'guide' , they might find their targets by multivalent . Apparent cooperation between chromatinremodelling complexes and tissue-specific transcription factors is not unique to the developing heart. A similar process occurs in embryonic stem cells, in which a variant of the BAF complex that is apparently found only in these cells (esBAF) interacts with Oct4 and Sox2 transcription factors 8 . esBAF complexes are essential for embryonic-stem-cell formation and also for formation of the inner cell mass -the part of the embryo that is pluripotent, giving rise to all cell types. The distinctive subunit composition of esBAF 9 seems to produce its biological specificity, similar to the way that letters are combined into words with specific meanings. Indeed, misspelling the esBAF 'word' , by incorporating incorrect subunits, results in a loss of pluripotency.
There are also specialized chromatinremodelling complexes in neural progenitors (npBAF) and neurons (nBAF), and misspelling the 'word' in these cells, for instance by genetic ablation of one subunit and replacement with another, leads to lethal defects in the developing nervous system 10 . In each neural complex there seems to be specific interactions between the chromatin-remodelling complex and the specific cellular transcription factors.
The instructive role of BAF complexes in cellular differentiation is unexpected, as previous biochemical studies had suggested that the complexes have a nonspecific role in transcription, either functioning as part of the general transcriptional machinery or directing the binding of TBP (a transcription initiation factor) to promoters. But even in yeast, the association of SWI/SNF with general transcription factors or with transcription-associated RNA polymerase has not been consistently reproduced. Takeuchi and Bruneau's findings are, however, consistent with the observation that two subunits of the npBAF complex, Baf45a and Baf53a, can direct the division of neural stem cells in places in the developing nervous system where these cells don't usually proliferate 11 . The emerging model of the genetic circuitry that drives heart development 1,12 ( Fig. 2 ) now suggests that Baf60c may be near the top of the hierarchy. This instructive role is not due to its tissue-specific expression, because it is also found in npBAF complexes 11, 13 . Perhaps Baf60c has some general role in the control of multi potent cells, by modifying chromatin structure and allowing genes to remain accessible for later activation. Alternatively, it could achieve its specificity by combining with other BAF subunits that have restricted expression, generating an assembly of subunits found only in the regions of the embryo that give rise to the heart.
The details of assembly of the cardiogenic BAF complex (let's call it cBAF) suggest that Takeuchi and Bruneau's strategy 1 for generating heart tissue might work even better if they could reduce expression of the competing non-cardiogenic Baf60 subunits (Baf60a and Baf60b), which might have instructive roles for other tissues. Additional biochemical studies will be required to determine the subunit composition of this complex or family of complexes -a challenging task, given the tiny number of cells that are involved in initially specifying the heart. Clearly, the next step will be to determine if skin or blood cells can be transformed directly into beating heart muscle using Baf60c and its co-regulators. An alternative approach might be to use induced pluripotent stem cells -cells from adult tissue that have been reprogrammed into stem cells -and to exploit our clearer knowledge of the genetic network involved in cardiac development 1, 12 to control heart formation. These strategies might allow direct regeneration of defective or diseased heart muscle using a patient's own tissue, without the need for immunosuppression. 
